This paper examines the dynamic relationship between work-limiting disability and labour market outcomes using longitudinal data created by matching individuals in the Local Labour
Introduction
Unlike many personal characteristics, disability is not always permanent, and by acknowledging and exploring its dynamic patterns researchers have the opportunity to enhance their understanding of the relationship between disability and labour market disadvantage. Existing longitudinal studies, while rare in comparison to those using cross sectional data, have been able to (1) explore the dynamic patterns of self-reported disability (2) apply panel data techniques to more accurately establish the causal impact of disability on labour market outcomes and (3) trace how the disadvantage associated with disability develops depending on the dynamic trajectory of disability (see, for example, Burkhauser and Daly, 1998; Charles, 2003; Jenkins and Rigg, 2004; Gannon, 2005; Mok et al., 2008; Meyer and Mok, 2013; Oguzoglu, 2010 Oguzoglu, , 2012a . Researchers have thus faced a trade-off between the length of the panel, which is restricted to one year in the Longitudinal LFS, and sample size. Indeed, in their analysis of 8 waves of the BHPS, Jenkins and Rigg (2004) are only able to identify 280 individuals who experience disability onset (defined as two periods reporting disability after two periods of not reporting). Understanding the dynamic impact of disability in the UK is, however, critical since the impact of disability on employment is well-established and acknowledged to be larger than for other protected groups (National Equality Panel, 2010) . This has resulted in a range of high profile legislative and policy change (Jones et al., 2006) such as the introduction of the Disability Discrimination Act (1995) (DDA) and reform of the disability benefit system, including the introduction of Employment and Support Allowance. This paper utilises an unexploited source of longitudinal information for Britain created by matching individuals across time (2004) (2005) (2006) (2007) (2008) (2009) (2010) 
from the Local Labour Force Survey (LLFS).
While extensively used to produce cross-sectional national statistics, to our knowledge this is the first time the longitudinal element of these data, which we refer to as the LLFS panel, have been utilised. These data retain the benefits of the Longitudinal LFS, including a large sample and comprehensive information relating to demographics and labour market characteristics (see, for example, Frijters et al., 2005) but have the additional advantage of an extended (four year) panel element (see Section 2 for details). This extended panel forms an underutilised resource generally but one that has particular benefits for examining (relatively short term) labour market dynamics of minority groups such as those who self-report disability. Indeed, previous evidence in the US has shown the majority of the impact of disability is evident in the period immediately post-onset (Mok et al., 2008; Meyer and Mok, 2013) and that subsequently this impact persists.
By applying event-study and panel data methods in a similar manner to Charles (2003) and Meyer and Mok (2013) , this paper provides new evidence for Britain on the extent to which labour market outcomes deteriorate at the time of disability onset and how this disadvantage develops post-onset. The particular contribution of this paper is provided through the analysis of the enhanced sample of the LLFS panel, which facilitates a far more detailed consideration of how these effects vary within the disabled group. Following Charles (2003) , the role of age at onset and educational attainment are explored but unlike much of the previous evidence, these data also permit consideration of the influence of gender and characteristics of the disability including type and severity. We are therefore able to explore differences in the extent of disadvantage at the onset of disability associated with mental or more severe (multiple) health problems.
In addition, this paper is the first to apply this method to explore the influence of recovery from disability, what is referred to as disability exit, on labour market outcomes. While disability exit is widely recognised as an important feature of the dynamic nature of disability (Burchardt, 2000) far fewer researchers explicitly consider its impact on labour market outcomes (see Disney et al., 2006 , for an exception in the context of health and retirement) and, to our knowledge, none have applied the current methodology in this context. 1 As such, this paper contributes new evidence on the symmetry, or otherwise, of labour market adjustment associated with disability onset and exit. That is, we explore how the deterioration in outcomes experienced at disability onset differs from improvement at exit.
1 Gannon and Nolan (2007) examine the influence of disability exit on household income and poverty in Ireland.
We focus primarily on employment as the critical dimension over which labour market disadvantage develops in the UK and which is the focus of government policy (Conservative Party Manifesto 2015) . 2 Indeed, cross sectional evidence (Kidd et al., 2000; Jones et al., 2006) has shown that the employment gap associated with reporting disability (at about 50 percentage points) far exceeds the impact of disability on other labour market indicators such as earnings (10-15%). Further, in longitudinal analysis based on US data, changes in annual income arising from disability onset are found to be primarily driven by changes in hours of work rather than changes in hourly wages (Charles, 2003; Meyer and Mok, 2013) .
Our principal findings indicate that disability onset has a significant negative impact on employment (as measured by hours of work) and that this effect widens post-onset. However, after controlling for unobserved heterogeneity, the effect of disability exit is modest and for many groups statistically insignificant, suggesting that the employment impact of onset and exit are asymmetric. The remainder of the paper is structured as follows. Section 2 explains the construction of the LLFS panel and Section 3 introduces the definitions of the key variables in this analysis. Section 4 outlines the statistical methodology applied. Section 5 presents the results and Section 6 briefly concludes.
Construction of the LLFS Panel.
Cross sectional versions of the Annual Population Survey (APS) are available from 2004 and contain observations from three sources: the Quarterly LFS (QLFS), the APS boost and the LLFS (see Jones et al., 2012 , for a detailed discussion). The rotational 5 quarter panel properties of the QLFS are well-established, have led to the production of the Longitudinal LFS by the Office for National Statistics (ONS) but nevertheless remain relatively underutilised (see Frijters et al., 2005) . Our attention, instead, focuses on the LLFS where information is based on the same survey questions, but, residences are selected for inclusion on the basis of a rotational four year panel, with 25% being replaced each year. While crosssectional versions of the APS are routinely used to produce national statistics these (extended) longitudinal properties of the LLFS have, until now, largely been overlooked. information at all four waves. The reduction in sample is partly a consequence of the complex patterns of response generated from the rotational panel element of the LLFS and, in particular, the truncation of individual panels resulting from the restricted (2004) (2005) (2006) (2007) (2008) (2009) (2010) coverage of the data available. 5 However, it should be acknowledged that the LFS is not designed as a panel survey and it is the address (rather than the individual) that is traced across time. As a consequence observations in the LLFS panel are restricted to households that did not move address and, individuals who remained resident within these households for at least three (consecutive) years. Our sample therefore excludes individuals who experience disability onset/exit which is associated with selective residential mobility, for example, that which may arise due to access to formal or informal care (Norman et al., 2005) . As such, it may exclude those with the most severe onset (greatest recovery at exit) and therefore potentially underestimates the impact on labour market outcomes. However, and consistent with younger groups being more mobile (see Finney and Simpson, 2008) , attrition increases 4 Due to the rotational design of the survey (responses being carried forward to subsequent waves), attention is given to ensuring the longitudinal integrity of the LFS. It is therefore imperative that administrative information is collected to enable interviewers to uniquely identify individuals and link responses across time. 
Definition and Construction of Key Variables
Employment is measured using the International Labour Organisation (ILO) definition and three measures are utilised to capture adjustment at the extensive and intensive margins. First, a binary measure is used to indicate current employment status, where employment includes both paid and self-employment and non-employment is defined to include unemployment and inactivity. This is used to identify the impact of disability onset on exiting work, which is consistent with the focus of the existing UK literature (Jenkins and Rigg, 2004) , especially the literature on health and retirement (Disney et al., 2006) . Second, for those in employment, information on basic usual weekly hours in the main job is used to capture changes in hours among those who retain work (see Jones, 2007) and therefore an element of workplace adjustment under the principles of DDA. 6 Third, following US studies such as Charles (2003) and Meyer and Mok (2013) , we combine these two pieces of information to generate a measure of employment, where the non-employed are classified as working zero hours so that weekly hours of work are defined for the entire population. We acknowledge that this measure aggregates across, what are likely to be, two distinct decisions but argue that, by capturing both margins, it provides a more comprehensive measure of employment adjustment. In the LFS, information on hours is reported to the nearest integer (up to a maximum of 97) and the mean value is 34.5 for those in work and 26.1 after including the non-employed. For those who retain work, who we recognise are unlikely to be representative of those who experience disability onset, we also explore the impact of disability on hourly earnings. Our measure of hourly earnings is used as a proxy for productivity and in-work adjustment (see Charles, 2003) and is derived from gross weekly pay divided by usual hours (which may include overtime). Outliers are removed following the LFS recommended filter which restricts nominal values to lie between £0 and £100.
These are deflated to 2005 prices using the retail price index.
The LFS contains DDA and work-limiting (WL) measures of disability, where the former is defined as someone who has a 'physical or mental impairment that has a substantial and longterm adverse effect on his or her ability to carry out normal day-to-day activities'. We perform our analysis on both these measures separately but for simplicity and consistency with existing longitudinal evidence (see, for example, Charles, 2003) we only present results relating to the WL measure. 7, 8 Individuals are defined as WL disabled if they report a longterm health problem which restricts either the amount or kind of work they might do (see Jones et al., 2006 for details); all other individuals form the non-disabled group. While there are well-established limitations of using self-reported information on disability for labour market analysis including measurement error and justification bias (Bound, 1991) conclusions from the existing evidence are mixed. Previous studies (see, for example, Stephens, 2001 ) argue in favour of using such measures on the grounds that the two opposing biases act to offset each other. 9 There are at least two advantages of longitudinal data in this respect (see Charles, 2003) . First, the ability to control for unobservable time invariant factors which may be correlated with disability reporting and second, the focus on consistent patterns of reporting over time which may reveal a more accurate measure than those based on a single observation. Further, given the dynamic nature of the analysis we are able to exploit the timing of onset relative to changes in employment to identify causality (see Section 4).
Unlike Charles (2003) and Meyer and Mok (2013) who use data from the PSID, the LLFS does not contain retrospective information on the date of disability onset. Instead, we focus on disability transitions within the panel and, as such, our analysis, in a similar manner to 7 There is a substantial overlap between these measures with 72% of DDA disabled individuals also WL disabled and 81% of WL disabled individuals also DDA disabled. There are nevertheless arguments for and against each measure, with some authors preferring the activity limiting measure since it is directly related to the protection provided by legislation and is less likely to be affected by justification bias (Oguzoglu, 2012b) . A greater proportion of individuals (29%) are found to have dynamic patterns which include disability when using the DDA definition but results from the event-study analysis are qualitatively similar. As may be expected given the broader nature of the measure and its less direct relationship with work, the onset effects of DDA disability are considerably smaller in magnitude (8 percentage points or 3.0 hours by t*+2). 8 The ONS has recently highlighted a discontinuity in the measures of disability in the LFS between 2009 and 2010. This relates to a minor change in the administration of the questionnaire where "I should now like to ask you a few questions about your health. These questions will help us estimate the number of people in the country who have health problems" was added to the survey. It is, however, thought to have increased the prevalence of disability by about 1.5 percentage points. We therefore explore the robustness of our findings to excluding potentially affected individuals from our sample. The composition of the dynamic trajectories and our conclusions with respect to the main results are all unchanged. 9 The LLFS does not contain more objective measures of health from which these issues can be explored directly (see Disney et al., 2006) . It is, however, reassuring that there is a degree of consistency in self-reporting disability and receipt of sickness/disability benefits since the latter have more objective criteria and, in some instances, involve an external medical assessment. For example, 42% of disabled individuals report receiving sickness/disability benefit compared to 1% of the non-disabled. Jenkins and Rigg (2004) and Burchardt (2003) , does not necessarily relate to the first disability transition over the lifecycle. 10 As a consequence we are, however, able to consider transitions in the 'current' economic and policy environment. Given this period includes (from 2008) a severe downturn in the economy we also perform analysis for separate samples based on their year of entry into panel. The results are, however, largely unchanged.
Chronicity captures a dimension of severity and Charles (2003) distinguishes between three post-onset disability trajectories, namely, those that always report disability after onset; never report disability again after onset and other patterns. Meyer and Mok (2013) similarly distinguish between the following spells: one period disability (single report), temporary disability (two or fewer positive reports post-onset) and chronic disability (three or more positive reports post-onset). Given our focus on transitions within the panel we adopt a classification developed by Kapteyn et al. (2008) and applied subsequently by Oguzoglu (2010) which distinguishes between 'consistent' and 'irregular' patterns of reporting. We separate the sample into the following five exhaustive and mutually exclusive disability trajectories which, unlike the above papers, explicitly separates and considers disability exit:
 Consistent disability onset (non-disabled every interview pre-onset and disabled every interview post-onset)
 Consistent disability exit (disabled every interview pre-exit and non-disabled every interview post-exit)
 All other patterns are referred to as irregular (such as non-disabled, disabled, nondisabled).
The first two groups are self-explanatory and while retained within our sample are not important in identifying the dynamic influence of disability. Individuals in the other three groups all experience a disability transition as defined as one period of non-reporting 10 Charles (2003) notes the similarities between disabled individuals identified using retrospective information and reporting disability after two consecutive periods of non-reporting. 11 As with all longitudinal information, response error or misclassification resulting from individual or interviewer errors may give rise to spurious transitions but there is no way of investigating this issue further here. Again, however, transitions in sickness/disability benefit receipt provide some reassurance. About half of those who report being continuously disabled also continuously report receipt of sickness/disability benefits whereas the corresponding figure for those continuously non-disabled is less than 1%. disability followed by one period reporting disability (or vice versa). 12 Those with consistent patterns are observed to be in the same state for all periods before and after the transition and,
given the potential measurement error in self-reported disability, may thus provide the most reliable indicator of a transition. Nevertheless, we recognise that there may be misclassification between the dynamic trajectories and the consistent onset/exit and irregular groups in particular. We focus on consistent onset and exit, where individuals are seen to make a 'permanent' transition and changes in outcomes post-onset can therefore be interpreted as the influence of additional years of disability (or duration). 13 However, since the data are right and left censored this interpretation is constrained to be within the panel and does not provide any indication of the permanency of disability across the lifecycle and/or subsequent transitions. Indeed, in what follows we focus on disadvantage associated with consistent onset/exit relative to the period prior to onset/exit and aggregate across individuals who may go on to experience different durations of disability (or non-disability).
14 Since this type of dynamic classification is, by definition, sensitive to the length of the panel element it limits the direct comparability with previous studies. Given the unbalanced nature of our sample we nevertheless explore differences in the trajectories between those present for 3 or 4 waves.
We also consider how the dynamic influence of disability varies by personal characteristics including gender, age and education level, and aspects of the disability itself particularly severity and type. The latter, in particular, is highlighted as important but is not considered in previous analysis (Charles, 2003; Meyer and Mok, 2013) . In terms of the age we distinguish between two broad but similar sized groups, those aged 16-45 (younger) and 45-65 (older) respectively. 15 Similarly for educational attainment we include highest qualifications up to and including those associated with the completion of compulsory schooling (GCSE level) in the low qualifications group and everything above this in the high qualification group.
Education can be thought of a proxy for the incentive to remain within the labour market but 12 We also experimented with the definition of Charles (2003) where onset is defined as two periods of nonreporting followed by at least one period reporting disability and the corresponding definition is used for exit. The percentage of individuals in the consistent onset (exit) groups drop from 5.03 (4.85) to 3.47 (1.68) and the window for the analysis is shortened to one year post-onset/exit. The key results are, however, unchanged. 13 We explore the impact of more complex irregular trajectories of disability and find evidence of a negative but more modest disability onset effect. These results are available on request. 14 Within the consistent onset (exit) group there is heterogeneity in duration as individuals experience disability onset (exit) at different points within their panel. Additional analysis which explores the impact of duration is available on request. 15 The patterns are qualitatively similar if instead the younger group is defined as aged 25-45. may also reflect occupation, job demands and hence opportunities for in-work adjustment.
Individuals who report a long-term health problem are also asked to record each of their health problems. This information is used to distinguish between those who report physical, mental or both physical and mental health conditions. 16 Among those who report physical or mental health problems the presence of multiple health problems (see Appendix 2 for details)
is used as an indicator of severity. We acknowledge it is an imperfect measure since it assumes multiple separate health problems are more serious than any single condition but has previously been shown to be related to subjective measures of severity (Berthoud, 2003) . In defining these groups we measure personal characteristics at the first point of contact and disability related characteristics at the first point of disability reporting; further examination suggests transitions in type and severity across the duration of disability are limited.
17
The composition of the sample in each of the dynamic disability trajectories is provided, by gender, age and educational attainment, in Table 1 . While about 25% of the overall sample report disability at some point during the panel less than 10% are continuously disabled, confirming the importance of dynamic patterns of disability (Burchardt, 2000; Burchardt, 2003) . It is particularly important to note the prevalence of consistent disability exit: there is roughly equal representation of consistent onset, consistent exit and irregular patterns. The disability trajectories are similar for males and females but, consistent with previous evidence, individuals who are older and hold fewer formal qualifications are less likely to be continuously non-disabled and are more likely to be continuously disabled. Rates of consistent onset and exit are also higher among the older group and, to a lesser extent, among those with low qualifications. The prevalence of consistent onset and exit is not, however, sensitive to whether an individual reports three or four waves of data. 17 About 95% of disabled respondents report the same broad type of main health problem throughout the panel and 86% would be classified in the same severity group (single or multiple) on the basis of the first and average number of health problems. In terms of the fivefold type-severity classification 66% remain in the same group throughout their panel. 18 Those who provide data for all four waves are, however, more likely to report irregular patterns (and less likely to continuously report being non-disabled). We further explore the sensitivity of our estimates to restricting the sample to those with 4 waves of data and find the key patterns are qualitatively unchanged. These results are available on request. hours a week) and, albeit the more modest, difference in hours and hourly earnings for those in work (4.3 hours and £2.20). The employment rate is also lower (even during the first wave) for all the disability trajectories including consistent onset who by definition do not report disability at this point. This provides confirmation of a selection effect (Jenkins and Rigg, 2004) , that is, those at risk of reporting disability but who subsequently do not have higher employment rates than those who experience onset. However, a larger selection effect appears to operate in terms of disability exit. Those with consistent exit, who by definition are disabled in wave 1, have an employment rate of 67% compared to 23% among those who are continuously disabled (that is, those at risk of exit, but who do not).
Statistical Methodology
Following Charles (2003) and Meyer and Mok (2013) , but accounting for the shorter length of the LLFS panel and explicitly considering disability exit, we model each labour market outcome as follows:
primarily refers to employment for individual i at year t, as measured using the three variables outlined in Section 3, although hourly earnings are also considered. Time period children within the household. is a dummy variable which equals 1 if in year t individual i belongs to onset group g and he/she is k years from onset (t*) (a minus indicates prior to onset). Despite each individual being in the panel for a maximum of 4 years, differences in the timing of onset between individuals give rise to a maximum 6 year 'window' (3 years pre-onset (t*-3) to 2 years post-onset (t*+2)) over which the dynamic effects of disability can be traced. 21 The effect of onset is measured relative to the omitted group (three years preonset) ∈ (−2,2).
Since the model is estimated with individual fixed effects, measures the impact of disability k years away from onset for those in disability group g relative to that 3 years preonset. The inclusion of fixed effects removes all time invariant influences including factors such as stable personality traits and motivation and means that, unlike in cross sectional analysis, estimates are not biased by the presence of unobserved differences between those who do and do not report disability. ℎ is constructed in a similar manner but relates to exit group r when he/she is h years from exit (t`). Again there is a maximum window of 3 years pre-exit to 2 years post-exit and the effects are measured relative to 3 years pre-exit ℎ ∈ (−2,2). The impact of disability on hours of work h years away from exit for those in disability group r relative to that 3 years pre-exit is given by ℎ . Since individual error terms are likely to be correlated we report standard errors which allow for clustering at the level of the individual to account for serial correlation and heteroscedasticity. Initially equation (1) is estimated where the influence of consistent onset/exit is estimated across the sample, subsequently versions allow the impact of onset (exit) to vary by group g (r) where these are defined by the personal and disability related characteristics outlined above.
There have been a number of applications of this technique in the context of disability including to the analysis of hours of work (Charles, 2003; Mok et al., 2008; Meyer and Mok, 2013) , income (Charles, 2003; Mok et al., 2008; Meyer and Mok, 2013) , consumption (Stephens, 2001; Meyer and Mok, 2013) , marital status (Singleton, 2012) and life satisfaction (Powdthavee, 2009; Pagán, 2010; Pagán 2012) . As Charles (2003) notes the approach has 21 The 6 year window arises because individuals experience disability onset at different waves within the panel element. For example, labour market status of an individual who experiences disability onset in wave 2 (early within their panel) could be observable between t*-1 and t*+2. The labour market status of an individual who experiences disability onset in wave 4 (at the end of their time in the panel) could be available between t*-3 and t*. As a consequence the sample of respondents varies between periods t*-3 and t*+2 since individuals cannot be observed at each of these points. The corresponding arguments apply in the analysis of disability exit.
two key advantages including (1) explicit consideration of the dynamic accumulation of disadvantage associated with disability (2) the ability to control for individual specific time invariant unobservable factors which determine employment and which may bias cross sectional estimates. 22, 23 Time varying unobservables correlated with both disability transitions and labour market outcomes remain a potential bias. For example, an employment shock that simultaneously causes an individual to report disability will overestimate the impact of disability onset. Reassuringly, however, after controlling for unobserved heterogeneity we find no evidence of significant changes in employment pre-disability onset which provides evidence against reverse causality or justification bias, and is consistent with Meyer and Mok (2013) who find changes in health, but not employment, precede disability onset. 
Results
Figures 1(a) ((b)) present the percentage change in each of the measures of employment and hourly earnings through disability onset (exit) for those who experience consistent onset (exit). As noted above the sample of respondents varies between t*-3 and t*+2 and, as such, compositional differences between 'early' and 'late' transitions potentially influence these descriptive results. Indeed, due to the censoring of the panel we do not observe t*+2 for all those in t*+1, as such, the change between t*+1 and t*+2 may be affected by selection of the most employable individuals out of disability. Returning to Figure 1(a) , there is a gradual decline in the probability of employment and average hours of work, which are significantly lower in t*-1 than in t*-3, although the rate of the decline increases towards t*. The largest decline in employment occurs during the first year post-onset and employment continues to decline, consistent with what Jenkins and Rigg (2004) refer to as a duration effect. In t*+2 the probability of employment (average hours) has fallen by 40% (47%) relative to that in t*-3. For those who remain in work an adjustment in hours is also evident although, as may be 22 The main alternative method to examine the impact of disability onset or receipt of disability benefits on labour market outcomes using longitudinal data has been propensity score matching or difference-in-difference propensity score matching where the impact is assessed relative to a control group (see, for example, Von Wachter et al., 2011 and Polidano and Vu, 2015) . 23 The analysis of earnings or hours conditional on work may be affected by the non-random selection of individuals into work. Unobservable time invariant influences on selection can be accounted for by the inclusion of fixed effects but time varying influences potentially bias the results. In analysis of the influence of disability onset on annual and hourly earnings Charles (2003) , however, finds no evidence of a selection effect when applying a Heckman correction method. Given our focus on employment we acknowledge, but do not further investigate, the issue of sample selection bias on earnings and hours conditional on work. 24 We are unable to rule out the influence of shocks that have simultaneous effects on disability and employment or bias arising from those who may report disability in anticipation of adverse future labour market outcomes.
expected, it is more modest (-11% by t*+2) and occurs entirely post-onset. The decline in average hourly earnings (-6% by t*+2) is even less pronounced.
Employment increases significantly and substantially before disability exit (Figure 1(b)) suggesting that for many employment adjustment precedes disability exit. Indeed, the largest percentage gain is experienced between t`-2 and t`-1. The impact of exit between t`-1 and t` is modest and suggests that, relative to onset, disability exit and employment are less closely related in timing. There is a continuation of the gradual upward trend in the years following disability exit. Over the entire period the percentage change in employment (hours) for those who exit is substantial at 67% (76%) of the t`-3 value. In-work adjustment is more modest, the change in hours (6%) occurs entirely pre-exit and, the change in average hourly earnings (3%) is only evident post-exit. The absolute change in employment associated with disability onset (32 percentage points or 12.6 hours) is of a comparable magnitude to that at disability exit (32 percentage points or 11.5 hours). At first sight this suggests a remarkable symmetry, however, the majority of the reduction in employment is experienced post-onset (18 percentage points or 7.1 hours), whereas the majority of the gains are experienced pre-exit (20 percentage points or 8.1 hours). These figures, however, simply reflect averages and, therefore, as noted above may be sensitive to changes in the composition of the sample. Table 3 presents the coefficient estimates from the fixed effects model described by equation
(1) which controls for observable time varying characteristics and individual unobserved heterogeneity. The results are presented in column (2) for employment status, in (4) for hours of work defined to include the non-employed, in (6) for hours of work among the employed, and in (8) for (the log of) hourly earnings. 25 To facilitate a comparison across specifications the percentage change relative to t*-3 or t`-3 is also reported (where appropriate). After controlling for fixed effects, disability onset is associated with a 7 percentage point fall in the probability of employment at t* (relative to t*-3) and, unlike the descriptive evidence, there is no significant decline in employment before this point. This is consistent with there being no anticipation effects or that, for most, onset being relatively sudden. As noted above, it also suggests the direction of causality runs from changes in disability to employment rather than vice versa. In contrast to arguments and evidence of adaption in the context of subjective 25 We also performed the analysis on hours of work and hourly earnings among those who remain employed throughout the panel but the results are similar, albeit of smaller magnitude. Further, these results are not sensitive to the inclusion of additional employment-related control variables (industry, occupation, tenure).
wellbeing (Powdthavee, 2009; Pagán, 2010) , employment disadvantage accumulates with the duration of disability, at least over the period considered here. The probability of employment continues to decline and the gap reaches 17 percentage points (or 21%) by t*+2. Given the measure of hours of work in column 2 includes changes in employment status and changes in hours among those in work (see below), it is unsurprising that the impact of disability onset is slightly more pronounced: the decline reaches 6.3 hours in t*+2 (a 23% reduction relative to t*-3). Relative to the descriptive statistics the multivariate analysis presents a significant but more modest impact of disability consistent with the inclusion of controls for employment determining characteristics (particularly individual fixed effects).
The adjustment in hours for those who remain in employment (column 6) follows a similar pattern, although, as may be expected, the magnitude is smaller confirming the majority of change in employment occurs at the extensive margin or that the particular risk for individuals who become disabled is in terms of job loss. Indeed, the impact of disability onset is only significant at t*+1 where there is about a 1 hour (3%) reduction in weekly hours for those who remain in work. Hourly earnings (column 4) are found to decline with disability onset, although the impact is modest (6% in t*+1), consistent with a more limited impact on in-work outcomes.
The lower panel of Table 3 presents the corresponding influence of disability exit. There is evidence that the probability of employment increases at exit and this appears to persist postexit but the magnitude of the effect is smaller than at onset. Indeed, there is no significant influence of exit on hours either generally or for those in work, or on hourly earnings. 26 This contrasts sharply with the descriptive evidence and suggests that other employment determining characteristics of individuals who exit disability rather than exiting disability itself are the cause of employment gains.
In Table 4 the impact on employment is allowed to vary by gender (columns 2 and 3), age (columns 4 and 5) and qualifications (columns 6 and 7). For ease of comparison, the coefficients are also presented graphically in Appendix 3 ( Figures A1-A3 ). For simplicity we present results on the basis of hours of employment but note that the patterns are similar if, instead, the probability of employment is considered. The influence of disability onset 26 Given the sample is constrained to those resident at the same address across time this analysis will exclude any increase in employment at disability exit which is associated with relocation.
follows a similar pattern by gender although the magnitude of the onset effect and the subsequent influence post-onset is greater for men. In t*+2 men work 9.1 hours less than in t*-3 compared to 3.9 hours for women. Proportionately this reflects a greater loss for men (28%) than women (18%) and highlights the importance of considering gender in analysis of this type. Such differences may, in part, reflect differences in the nature of employment that
give rise to variation in the opportunities to accommodate disability in work.
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The impact of onset also differs considerably by age, older individuals experience a steeper decline in hours both at onset and post-onset. This is consistent with US evidence and the disability human capital framework (Charles, 2003) which predicts that individuals who are older at onset will lose more 'healthy' human capital and have less incentive to acquire 'disability' human capital. 28 It is also consistent with arguments that disability, and particularly receipt of disability benefits, have been a route into early retirement (Disney et al., 2006) . For younger individuals there is an initial increase in hours prior to onset and (relative to t*-3) the impact of disability onset is not significant until t*+1 where there is an overall loss of 2.9 hours. Possibly surprisingly the absolute impact of disability does not differ dramatically by educational attainment with a relatively similar profile between the low and high qualification groups. Indeed, there is no significant difference in the onset coefficients between education groups suggesting that while education reduces the risk of disability onset it does not insulate individuals from its adverse employment consequences.
29
This is also true when examining the influence of education within the older group (results not reported).
While it is not appropriate to make a direct comparison between these results and those in Mok et al. (2008) or Meyer and Mok (2013) given the methodological differences involved a rough annual (48 week) conversion of the estimated loss in weekly hours suggests that about 302 hours are 'lost' two years post-onset and that the figure is higher for males at 437. 27 In subsequent analysis by occupation (or previous occupation) it is individuals in physical occupations, namely, skilled trades and process, plant and machine operatives, which report the largest reduction in hours at onset. However, since this analysis can only be performed on a subset of individuals where such information is available these results are not presented in full. 28 The magnitude of the estimates in Charles (2003) were however later questioned by Mok et al. (2008) . There is also evidence that onset among the older group is more severe, in that, it is more likely to be associated with multiple health problems but the effect of age is evident both for individuals with single and multiple health problems (results not reported). 29 However, having a higher level of education does provide protection from earnings losses at onset which are confined to the low education group (results not reported but available on request).
Unsurprisingly, this is lower than the estimates for the most severely disabled workers in Mok et al. (2008) or Meyer and Mok (2013) but, in terms of the latter, our estimates are comparable to those for an aggregate measure of disability onset (-346) .
Consistent with the results in Table 3 there is limited evidence that disability exit increases employment. There are, however, two exceptions (1) women experience a small (1.8 hour)
increase in hours by t'+2 and (2) individuals with low qualifications experience an increase of 2.0 hours by t'+2. It is perhaps surprising given the potential (but unobserved) difference in duration of disability that the influence of exit is similar for the older and younger groups.
The absence of an influence of disability exit is consistent with the impact of disability persisting possibly as a consequence of lasting change in preferences for work or through a permanent change in productivity, arising for example, from deterioration in human capital and/or work habit as a result of a period away from the labour market. Indeed, this is in accordance with international evidence from Gannon (2005) and Oguzoglu (2010) who, when estimating a dynamic panel model of labour market participation, find that past participation is related to current participation even after accounting for past disability and that these controls dampen the influence of current disability. In this context it is, however, important to recall the selection effect noted above. Individuals who exit disability are more likely to be employed in t'-3 than those who remain disabled which may suggest that, for these individuals the impact of onset was more modest or, that employment adjustment is more gradual and occurs prior to the period observed here.
In Table 5 (and Appendix 3 Figure A4 ) we consider the influence of the characteristics of disability itself. 30 The patterns of onset are qualitatively similar across the five groups. The reduction in hours at onset is, however, more pronounced for mental compared to physical health problems, consistent with the larger employment gap identified for mental health problems in cross sectional analysis. For those with physical health problems the presence of multiple health problems has a more pronounced impact than a single health. For those with mental health problems only, albeit the sample size is small, there appears to be less distinction between the onset of single versus multiple health problems with the coefficients insignificantly different from each other, and possibly reflects the difficulty in capturing the 30 We further experimented with a more detailed classification of severity which distinguishes between 1, 2, 3 and 4 or more separate health problems and an interaction between multiple health problems and the type of main health problem. The main results are robust to this change.
severity of mental health problems in this way. Further, while the impact of multiple mental health problems does not appear to widen post-onset the impact of multiple physical and physical and mental health problems becomes more pronounced with a reduction in 10.7 hours among the latter by t*+2. Interestingly, however, it is only exiting disability associated with both physical and mental health problems that is associated with a significant increase in hours of work (4.3 hours by t'+2).
Conclusions.
In undertaking analysis of the dynamic impact of disability on labour market outcomes researchers in the UK have faced a trade-off between the length of the panel and sample size.
By using the extended panel element of the LLFS, created by matching individuals from cross sectional data, this paper aims to provide evidence based on a large sample over a longer (3-4 year) period. This facilitates a dynamic analysis of the relationship between worklimiting disability and labour market outcomes which is able to consider subgroups as defined by gender, age and education and by the characteristics of the disability itself including severity and type. In doing so, it provides new longitudinal evidence for Britain and provides an important comparison to the existing applications of this technique typically based on US data.
The analysis confirms that the onset of work-limiting disability is associated with significant labour market disadvantage in Britain between 2004-2010, consistent with previous evidence in the UK (Burchardt, 2003; Jenkins and Rigg, 2004) and US (Mok et al., 2008; Meyer and Mok, 2013) . The effects predominately operate through individuals changing employment status, although this is reinforced by a reduction in hours and hourly earnings for those who retain work. Where the pattern of onset is consistent the employment effect is cumulative, becoming significant at onset for most groups and subsequently widening, which accords with a disability duration effect. Over the 6 year window considered here (3 years prior to 2 years post-onset) average weekly hours of work fall by 6.3 or 23%. However, the impact of disability onset varies considerably between groups of individuals particularly by age and gender consistent with a differential risk of job loss at disability onset. The impact of is more modest for females and younger individuals, and the gradient of the post-onset loss in hours is also shallower. Indeed, two years after onset the average loss in hours for females (or individuals aged below 45) is less than 50% of that for males (individuals aged above 45).
The impact of onset is also greater for those with mental relative to physical health problems, and among the latter, is exacerbated by the presence of multiple conditions. This is consistent with heterogeneity in the disability itself being important and suggests a need for a tailored policy response.
This paper also considers disability exit which, despite its prevalence in survey data, has received far less attention in the existing literature. The evidence based on the sample of individuals who exit disability over the panel, suggests the impact of disability exit on hours of work, after accounting for individual fixed effects, is typically limited, being statistically insignificant for many of the groups. While surprising, it is consistent with the absence of a recovery in hours of work for those who do not permanently report disability post-onset (Mok et al., 2008) and may suggest a scarring effect whereby current labour market outcomes are adversely affected by past disability. Disability exit is, however, a significant positive determinant of hours for females, those with low qualifications and for those who simultaneously report mental and physical health problems.
Nevertheless, the comparison of the impact of disability onset and exit trajectories suggests that the influence is asymmetric. While it is not possible to establish the precise reasons for this, it has important implications for policy. The pronounced impact of onset suggests resources should be targeted at reducing the risk of disability onset and/or supporting individuals retain work at this time. The latter is aligned to increasing recognition that the welfare system tends to support disabled people who are unable to work rather than in order to maintain work. This may require support for employers as well as employees, for example, in the identification and development of effective workplace adaptations, and is consistent with recent government policy initiatives such as 'Fit for Work' through which employers can access free advice and guidance from occupational health professionals, refer employees for a work-related health assessment and claim tax relief on medical treatments which aid an employee's return to work. Gregg and Gardiner (2016) have, however, argued that there is a need for more comprehensive protection, through for example, the introduction of a one year statutory right to return to work after sickness absence.
In terms of exit, the key insights seem to be in terms of selection and adjustment pre-exit, that
is, employment appears to be part of the process that occurs prior to, rather than a consequence of, disability exit. Given the nature of our results, and the prevalence of disability exit in survey data, we encourage future research to consider the relationship between exit and disadvantage further to assess the extent to which these findings can be generalised. The availability of a longer panel, in particular, would facilitate the analysis of onset and exit for the same individual and would enable fuller consideration of the asymmetry between onset and exit effects, the influence of the duration of disability and role of selection into disability exit.
Using these data it has not been possible to investigate the dynamic patterns of disability over the lifecycle or longer-term response to disability onset or exit. However, previous evidence relating to disability onset suggests the period immediately surrounding onset captures the majority of the adjustment in hours (see, for example, Charles, 2003) . In this respect our analysis provides a useful contrast to analysis based on a long (but narrower) panel element
and highlights the potential of data with a shorter panel element. Here, we trade off the length of the panel for enhanced sample size (width) to facilitate a robust analysis of subgroups and it may be possible to exploit this aspect of these data in the future to explore a range of more specific issues such as those relating to in-work adjustment to disability. Further, given, to our knowledge, this is the first exploration of the panel element of these data the implications of sample composition, complex patterns of response and attrition are largely unknown. As such, there seems to be value in further analysis, possibly by ONS, to more fully interrogate its properties and formalise its usage. The potential benefits of future research based on these data appear to be large relative to these additional costs. 
Figure 1(b) Percentage Change in Labour Market Outcomes over the Panel by WL Disability Exit
Notes: See notes to Figure 1(a) . The change is measured relative to (t'-3).
-50 Notes: Coefficient estimates from the fixed effects model described by equation (1). Control variables (coefficients not presented) include time period, mode of interview, age and age squared, presence of children in the household, full-time student, highest educational qualification and marital status. The omitted group is (t*-3) or (t`-3). Absolute T statistics are presented in parenthesis and *, **, *** denote significance at the 1, 5 and 10% level respectively. Percentage change figures are calculated relative to the omitted group (t*-3 or t`-3). The F-tests for joint significance refer to all coefficients in the model, the onset coefficients and the exit coefficients respectively. In each case the p-value is presented in parenthesis. Table 3 . The dependent variable is hours defined to include zero hours for the non-employed. The additional F-tests examine the equality of the onset (exit) coefficients across the samples defined by personal characteristics. Descriptive statistics presented in Table A1 consider the representativeness of the LLFS panel (column iii) relative to the entire APS sample over the same period (column i) and the entire LLFS sample over the same period (column ii). Comparisons between (i) and (ii) provide an indication of the representativeness of the LLFS sample whereas the influence of attrition arising due to the focus on longitudinal information (more specifically 3 consecutive responses) is indicated by the comparison between (iii) and (ii). Differences between (ii) and (i) predominately relate to differences in the geographical distribution (and not personal characteristics) which occur as a consequence of the design of the LLFS. Differences in personal characteristics are more pronounced between (ii) and (iii) but appear entirely consistent with an underrepresentation of more mobile individuals, for example, those who are younger, students and non-white. Notes: See notes to Table 1 . Health problems are measured at the first point of disability reporting. a This is not classified as either a mental or physical health problem. Percentages will sum to more than 100 since individuals can report more than one health problem. 
